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N ateanitie transfotnation starl M) teruperatuzes Lave Leenmeasared in bi-

3

mary UiALsinteren aloys 26 - 36 at's Alj using an lectrical resistivity method

Che nmPusitiou dependence of the M, terperatuze has been investigated by =
watistioal approac smploying the Dragg-Williams approximation. The results
tained are as followss 110 In these alloys. the linear relationship betw-en AL

remperaturs and abininum content. having a slope of about 18K at™t AL was
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peinperaiuze petwesn the sintered and cast alloys (2} The compoesition depen-
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ave ol the AL temperature is found 1o have a guod correlation with that of T
40 The fnter.tion parameter Vg between Niand Al atoms in the martznsits
shae Conid s estimated al abont 127 k1 omwei 13) The composition dependence

:

nlhie ai telnperalule 58 cjusev elated Lo the teraciion parameters in the par-
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I sup previous paper” . we investigated morphologic al and mechanical prop-

ertres and shape memory effect of ] Eanensitlﬂ: transformation of siterea alleys
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Leildelil Y Vias adso lf.:»und for the M, temperature (temperature for the begnung

b

+eransturmation). ™ Thus, this is quite 2 general feature fo1 the Martensitic
cronsformation of N1AL

Tl ot the concentration of 27 NiAL the ligher the Martensitic transforma-
Conotemoeiature. This was interpreted in termos of the stability of the B2 phase
S s G ale tren Componeds of of resistance forces due to shear deforrationof

Martensitic i;;myformation. '
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sasec on the bana electron structure or thermodynamcs approach. In the present

.-
H

at=d relationships between 3, temperature and composition
red sloys andd comparsd them with those of cast alloys. Turther,
we stadiss a suain cortrolbng facter for the M, temperatuze using the Dragg-
Wiltiares appreshation of statistical therme dynanucs.
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W wsed the same N1AL sintered alloys as we used previcusly. Al rontents
;3 S step. Sampies for

Cagr samnies were Detwesn 39 - 3o at'y
. 00 p : o R | X IoiynaTilln 10 U S
Cleisoae ieaiatalen s alEasulerne it wele Thglinaaly Ix steq ‘L_.,._; o4 K9, Iniad=
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A pencned it an dox sall water
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i. Tiecicic Resistance - Temperature Curve

Tooozderieinvestigats the starting tempenature of Martensitic tzansforiaation
. meavupec electric resistance during the cooling process The raation between

wieciTio Iesisladic~ ald teniperatule 1s showrn in rig L The fesistancs desIeases

sy Leslpriatade deciessss awl tasit i agaii diIzases o hen teipeiabisis biecediies

vower aan o oectain value Sueh local minima correspond to a M. temperatuze

sies the nopima tend to become lower as the Al concentration increases.

2. M. { A;) Transformation Temperature - Composition Curve

.

4 plot oL ML temperature against composition s aisplayed in Figo - For

. . v o o 1 B
CEHTIALSOR DT O8RS We wicluded n Fig. o data of cast alloys from Au =t al |
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Warlinont s tesnits renorted Inorefl (35 was also included in Fig. 20 M. temper-

swgs devieases wearly Hnearly against the Al conzentzation. as other cast alloys

Trom new one we oall this negative composition dep2ndence of M. temperature)

Onr pesuits well agres with those of Sinialek et al Also. the slope of M. tem-
seiatuie sgoiiol cviupusitivn fits 1o that of Ligh Al content {27 2t Al oy mor!
e ltainsd by Smialek et 2l and to that of Auw et al. {about -169 F-at'T Al),
s shant -1R Kt Al When the Al concentration s low. the deposition o
WAl phase boosot retarded. Do this case Al Joncentration i the parent phuse in-

coees one Al temperature decreases The chain Lne in Fig 0 which represents
snuaisk <t 205 resunts nas a smaller siope. This may be mterpreted by such 2
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Cietetatdaion ==t Tooswiu as far as the M teinperatuge is conZemmed, thers
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p the ather hand  electn resistance of sintersd alloys did not vary weh

ct ot Aot cdeternine the Al ternperatuse uniguely. Inoour previow paper
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tempperature onishes due to the heating Both A and M. temperaturss are

— v

Clotied agialnst Al composition i Iig. 30 Lhe A¢ temperature 1s about s I
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FROTS il BT TAST N ;-fi‘.zk.:ma{u;e. Fuopouast auwﬂ': it is well Auown that thie miectlin

resistame o Jleany Jhanges at the transformatizen temypsrature dunng the neating

1

reoess and that no liysteresis is observed for the electric resistance dnring the

r

eaiay o cooling proowsses® The above facts sugyest that stutered alloys are

ies1 o asiir transformed from the Martensitic phase to the parent phase than Cast
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3. Previeus Views

Topinal 1,2 shectron compounds which show the Martensitic transformation
i fude CuZn. AnZn. and AuCd. Slopes of the M, temperature against compo-
siion ate =000 at’™t Zn 18I0 At Zn 20K atit Cd,oand 2251 atst Ol
stirefr There is ne & phase of noble matals which have as large slopes as
IAL-ads ot Al Most practical WiTi has a slope of about ¥5R at'y
Ti Thus. WiAlis eerv specific in this respect. Now we briefiy :r—:view pre=vious

vy S the omposition dependence of Mg temperature. Ball” ponted cut twe

s
AT 3 L | 1 }

1 Tor 4 shase slection compounds widch aevemp at the valence eleitron

conorsmation rea) ob 2020 the stability of the hw' decreaszs as the <u
i , H

e onres smatler. according to the Jone's theorv¥ This suggests that M,
Lemipersius s increases. CuZn. AgCd. and AuCd nentioned above supp st shis

B35 Sodl RO

) Prom stolcalometric composition, as the Al concentration decreases. the
. . - T . .- 1 1 Y v
reguianity fotoe petween N1 oand Al atoms Lecommes weaker As 3 resudt. the

shatiiy crsistatinz ieguised for the Martensitic transfonuation Lecomes siuall
cnes the M temmerature moreases.

Towever, thers 13 # phase compounds such as 2 dim AuZn whose M. temper-
sl Lieisases as e oa value increases. Furtler, precise vestigations of M,
corparatuse and o2 far CuZaSt AuZas and AuCd by adding the thure
sgenen to allovs revealed o correlation between the twe. Therefor=. 1t 1s
GO eas he = vaiie b o dendiant facter deteninduning the congosition

cpzen oo DM vermerature Tlus may xlse apply ta the N1Al phase

~d
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cepdituds of the smaller elastic mvdules becomues large Therefor-. 2: the Al

in NiAl compounds the shear figidity becounss lower o

Coypcantratiopn decreages
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that the anisotropy of etastic medulus A

was about 9 which 1s as large as that dor Uulno o ¢ Further, the eiast

- I v 1 1 -
Soncentration of Zn of Cd decreases.  ines

supyort centnibutions mentionsd in {2) of the composition dependence o A

r. Ball's view can not give any quantitative und=rstanding
of The sharp <hange of the ransformation temperature for NiAl

Delation between M\, Temperature and T

Dhee Moutensites transformaiton 1s geverned by ox balance Letween emhaipi«;

£
i 4
T

el iieoad iD= el Al bl wiastic neli-chemical energy. As suggests y *Iw
fyry e
pomoduamiiasd clacas teiiatics, e trassfonnativu o th- sup i

np offect 1o smoaki enough to be neglected compared te the nen-thermal «ias-

itd o

bt . N N i B 1 M oo L H
ritecis Ctierelore. s terugeratuie, Toooat winch the chemi.oal fre- BHEILL o
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teinnelabure
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swite wapeldidibaidy s 1Al These ale luwed tliazi A alld .\15 telliperalus s Lug
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NiAlsinteeed allovs The order of these temperaturss s
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(c) Parent Phase (b] Martensite Phase

C Qsite (N
® BsitelaiorN)

haat T * . o1

T aoates that e Martensitic transformation of NIAL is the tlenual
. . +. ~ - PR y . c ~— . .
;i tvpe Martensitic transformation of the se.ond kind. - For this case. the

Slewing Corailon 1§ KIewR
.’
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othat 0 T Inoother werds, compositlon depEideics of #lastlc alisetlopy ol
shear sgdity may be secondary sifects to the ur ansformation. In the next s=ction
e snaniiaie the valldity of these deduction

L. Froee Lnergy

F oA — EREE FES o nT. 14y~ of 3 L g i G .

Enanu =t al found that the Martensitic transformation cbeys the Dalns
e ben Tie highest rewular structures of the parent and Martensite phasss
deiratien Thee nghest regular stiuctures ol the parent anw Martensite pliasssy
ait oshivn e sl JLR- 1. ?‘-M,A} atullls yltdug.iunahtl}. EURME § )" at the @ ity and
2070 alenn cmainzy sit st the @ sites in the parent B2 structure. However, In
e T aptensite phiose ~ack site {or M. separate layers of the Lo strusture wich
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Teie we caloulate free energies of both crystals i the Bragyg-Williamns approx-

e

uvation Lot N be the number of all atoms. A a e the numier of A atems 2t

. . -
IR B SO TSI A 1102 4

‘B o« NYL 8L

B 5 NX.1 & T

whinis s e 4 onole Saction for Boatem (02 Xp € 172V 5 pepresents the wonge
Compe zegulscite which is the same lor beoth the parent and Mastensite phases

S Is Litlepelilend of -:1.-111p«>si‘1vi-vm and 5 = §oand S = 0 for the perfect regulanity
:.;mj; ;,fr:xi':ai in:gul‘:llil\\. iespe tiv .ly L s B“"hi’\'“ J].Luua t}.».).w.u.ux.tln'-k lh'-

number of atom palrs 1s prop artional te a pro duct of atomi: concentrations which

&

“orapose pairs. Thus, the binding energy for an A-A atomn palr Is v anu tien

7

e Dvternial rnergy of the B2 crystal structure at 0 Ko1s given by™

EB2:/N = Zyvanll- Xg1/2- Zovgu X /2 .
h Zt"A}*-\'f«']"l]’S B 4}

where £; 1eprecents the mumber of the nearest neightor atoms and 15 o fo1 AZ
LoV erestals. Vg is an interaction parameter, a thermedynamic factor. and i

1 h
H

1. . . o i ‘o M L
Tl v v 4B T Y gV 33; Suxui.un, Lh" teiiiad <iieig) for tite o 'luu':ubwhdi

E(L1))/N = Zivan U-Xp)/ 2+ 2 vpn Xp/2
+ZVap Xpl1-(1-8%/3) X ] i 55

3 - . 4 . ~ .
whiele Do represents the number of the nearsst neighbor atoms and 1s 12 for the Al

4

(ot oostals The thermodynamic factors for the L1 structure are represented

b the orinie ) Dhe total number of atomic arrangements s given 1y
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+tras the entropy of configuration, . omay be written by

¢=kInW
= ~kNI[Xp(1-S) In{Xp(1+ S}
+{1- X p(1- S} 1n {1- X5(1+8)}
+ Xp(1-S) In {Xp(1-8))
+H{1-Xp(1-S)}n (1-Xp(1-8)}1/2 (7

-4

fis apress with the sntropy of configuration for the L1 structure formen Irom

die BZ stiuctwes . This suggests that i the Bragg-Willlawns approxination the

.....

miny LoeowrnidteEn oy
F(B2)= E(B2)-T®~ f(B2) foa]
F(L19) = E(L1y)- T+ f(L1y) fshy
whers t 55 ane L0 are specific heats for BY and Ll structures, respectively
1 . 11
-z Sk Lepeamnnilind U

B Sy AT 1 Np - AT X Ha

LU JLAL L Ny dp ALY (gL

whezz DALY and {A2Y are specthe heats for foo and boo structures ol purs metal

. . - a A 1 i o £ . 1 < cet u s O

A Furtner, ot AL and FY{AZ2) be free energies ior Al and AZ urystass of aterm
b- DA or D) Then. [ may be expressed by
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FoAlv= Z,Nq1 2= f0 Al
Cloan

FoA? - Z.Nq1, 2- f0 AL i}g_‘;‘g_—,}

T e s Ul BTE ey fra oo of eq. i5) become equal i
Atz lesnperatuls al wiucii two iree energles ol ¢g. 10) Decomle 2yglal iy 4
sebation o the Dllowing squation:

Fo A2 Fy Al 1= X Fu A Fyal Ay
S ZNV X 1-01- 853 Xy
S ZANV X 1-(1-8% Xy, .
3 AR-L B ,lli
«. i ompntarion and Fstimation of NV,

frew wperes ton the AL te AZ transforination iuay L ipproxi-

T

FotA21- Fo AL s an - B0 T

FalA2- FolAD = ap-baT SN

coautiman et 3i 0 used the following values?” ay == 3564.72 Jmel b 1.Udv
Tmedl ag — 1ueo.d IUmol b= 40116 T molk.

* Toopder to avoid magnetic effects. we used 2y and b ovalues
1oL K)

The valee of S was approxinated to be 1 since the NiAl phase is s stable

.
fa1 i

20T ;L‘;_j'her

tereratures ¢

- FORNN i L T . i1 LY ¥ o - . B I
dslal oty oiend Gust Lelew the meling polnt NVyig was caliulated o be

bt <304 =7 omel using heat of formation for N1AD at 292 BNV may e
voratiy darger ot o K than =100 kT Omel. but the difference may be negligible i
cail o uaddniad it

Thosonee veen pe date of Voo for the LU type of NIAL but we can evaluate
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Cerpperaturs of N1AD are governed by not only €/a values. but also various =ifects
¥ i
i wednudaled
Tr the present work, we used the Bragg- Williams appreximation in caloulat-
ing the fre- ensrgy for NMiAl inter metal compounds, and also neglect=d lizcts

ol variation of axial ratios for L1, on the free energy. Yet our analysis showed

t5at the theary sermi-quantitatively agrees with the observed compuosition lepen-
rence of M. ;T-} The tollowing may be cited as two reasons that statistioal
-hernedynamies sucoeeds to interprete Martensitic transformation of NiAL

1 In the thermal elastic type Martensitic transformation whizh 1s losely
1 i .y = r i - R i
yejatel o the shape memory eff=ct. a contnitbution of non chenu:al energr to e

~
! +

Censleninaiion temperatar= 1y irch smaller than that of chenoal «
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2% The Martensite phase las a simple penodically laminated structuze o
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_he compesition dependence of the M, temperatuze has been investigated by 2

bstical approach employing the Bragg-Williams approximatien. The results

H P N - S i iy N T . . RO |
il tnese aulovs the linear relationslup between M temperatur- and au-
1 + "4‘ i M -1 L4
SLGULL - oliess. having 4 siepr of about TuolatT Al was observed. Jhe ML
: H . iy ¥ [T D N s ig LAt AT . 17 ¥ T
izl abue s o wbonl S0 bl il COfiespoilaiig Al teniperatule

here azo o differences in the composition dependence of the M, temper-

) . S H . wllive
styse Letween the sintered and cast allovs.
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noTy of e AL tenoeraturs G5 found 1o lav
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Ceedoadim

cod correlation with that o1 T
47 2 ne internclon parameter Vi ., betwesn N1and Al atomms o the nartens
site phiase could be estimated at about 12.7 kT ol

+3% The corupesition dependence of the M, temperature s closely related to the

o ersction parameters in the parent and martensite phase and he LeImip e atul=
dependence of the dfference in thie Gibbs {res wnergy of constituent =lements

Sotwear the ALIT ) and the A2 thood crystal structure.



ORI(;# ‘J‘uL Pr*(JE 18

References 162

LS Oouan D Noguchi, and M Uenos Nippon Kimzoku Gakkawsha, 31 (1927,

Fa

AT

SN K Auwana TM VV.‘-_%_}‘ aast Ser Aetalll g 019720 1208

vul

T 7 Smpalek and ROF Hehemann: Metail, Trans., 4 (1973 1

P - ] M £ TXT 1 T - £ g Ml
405 Chakravonty and OO M Waymans Metadl Trans.. 7A 119750 45

~ N T N G R D N et U L
EUIOESE BRSNS SRR SR & LI N W
S Titelnoy. Lo P Zelenin and BOHL Shklyar Fiz. Metal Metalloved |
H [T I ;
TOIDTlws and 10 30 Massasske: Trans, Met Soo AIMEL U350 i1904), Toel.
0N Dbdley swd I Pops Metail Trans,, 101970} 2oo:

Do Masson Itams Aet Soo AIMID Zie (1900, G4

SR T S P PR F A X e an T . T C.oo- TR a7 y
;i N Nakawshi and €M Wayman: Trans. 3et. Soco AINIIE D270 U0l

!

f:0 T Pupakube Reie Fiokv Gokin{Shape Merory Alloys). Sangro Tusho.

oD Joses Do Phivs Sual, 49 1"‘ L R

3

tirH Tops Trans Met. Soc AIME. 236 (19651, 1532

v~ - T e ¥
4

i A : - . b S .-~ . f Oy iytTivy T
e 1T Tops ad N Dudlev. Metall Trans.. 1 019700, 2603

P00 Docaams Tlos Deyl THU10485 17200 T80 D049 S40
o7 M A ALzros Dhys Rev, 120010635, 2004

i S Jiinskre Acta Metall § 019301 14



Tovna. S Nenno sad IO Shinmzus Trans JINL 14 019730 1ol
Tikagt: Proe Physo Math, Soc. JPN. 23 (1944 44

Moandman CLAPHADL L {1977

Tubgien. P DL Desal, D0 T Hawkine, M Gledser and KK Belley
Values of the Thenmodynamic Properties o[ Binary Alleys. Am Soc.



Report Documentation Page

R 3 ArTOnauts )
Ty e At

1. Report No. 2. Government Accession No. 3. Recipient’s Catalog No.
TT-20336
4. Title and Subtitle B o 5. Report Date

COMPOSITION DEPENDENCE OF THE M,

TEMPERATURE IN THE B'NiAl COMPOUND SEPTEMBER 1988

6. Performing Organization Code

7. Author(s) 8. Performing Organization Report No.

Shouichi Ochiai and Manabu Ueno

10. Work Unit No.

9. Performing Organization Name and Address

National Aeronautics and Space Administration 11. Contract or Grant No.
Washington, DC 20546 NASW-4307

13. Type of Report and Period Covered

12. Sponsoring Agency Name and Address .
translation

14. Sponsoring Agency Code
NASA - LEWIS RESEARCH CENTER

15. Supplementary Notes
Transl. from JAPANESE to ENGLISH. Nippon Kinzoku Gahhaishi (Japan
Institute of Metals Journal), v. 52, no. 2, 1988, pp 157-162

Transl. by SCITRAN, Santa Barbara, CA 93150.

16. Abstract

Martensitic transformation start (M_) temps. were measured for Ni-Al
sintered alloys contg. 36-38 at.% a? by using an elec. resistivity
method. The compn. dependence was investigated by using a statistical
approach involving the Bragg-Williams approxn. A linear relation
exists between M_ temp and Al content and has a slope of 160 K/at %
Al. There are nd differences in compn. dependence of the Ms temp.
between the sintered and cast alloys. The interaction parameter
between Ni and Al atoms in the martensitic phase is estd. at -12.7 kJ/
mol. The compn. dependence is closely related to the interaction
parameters in the parent and martensitic phases and temp. dependence
of the difference in the Gibbs free energy of constituent elements
between the fcc. Al and bcc. A2 crystal structure.

17. Key Words (Suggested by Authorls)} 18. Distribution Statement

unclassified-unlimited

19. Security Classif. (of this report) 20. Security Classif. {of this page) 21. No. of pages 22. Price
unclassified unclassified 20

NASA FORM 1626 OCT 86



